These models differ in one key respect: Bulk flow Sorting by selective exclusion immediately explains why COPII vesicles need to fuse to form VTCs. It had predicts that cargo exits in COPII vesicles at the concentration prevailing in the ER lumen. Receptor-mediated been argued that they do so to aid transport to the Golgi apparatus but this could be done as a collection of export predicts concentration of cargo at these exit sites. This prediction can be tested using quantitative vectorially targeted vesicles without any need for fusion to occur prior to reaching the Golgi proper. Fusion perimmunocytochemical techniques, and earlier studies came down in favor of receptor-mediated transport. The mits pooling of the dilute secretory proteins so that concentration can occur by selective membrane removal observed concentration at ER exit sites was, however, challenged on technical grounds, largely concerned with via the COPI vesicles, a process that clearly involves signal recognition and decoding for both lumenal and the accessibility of the cargo proteins to the combinations of antibody markers used to visualize them (Grifmembrane proteins. This exclusion model also provides an explanation for fiths et al., 1995). Sorting Secretory Proteins a puzzle posed by the bulk flow model. If cargo has no export signals, how is it prevented from entering the Irrespective of the merits or validity of these criticisms, it became essential to reanalyze this problem using an vesicles that have to recycle vesicle machinery and other components back to the ER? Exclusion from the independent system and this the Utrecht group has now done (Martínez-Mená rguez et al., 1999). Klumperman recycling vesicles provides a mechanism and one very reminiscent of the endocytic mechanism that sorts proand colleagues have studied the concentration of abundant secretory proteins, the zymogens, in rat pancreatic teins destined for degradation in lysosomes. Delivery of these proteins from the cell surface to the early endoacinar cells, classically used by Palade and colleagues to lay the foundation for our understanding of the secresome is followed by recycling of vesicles back to the plasma membrane. These vesicles exclude the lysosomtory pathway. Over the years, the Utrecht group has used these cells as the test site for quantitative immunoally directed proteins, both lumenal and membrane proteins, which increase in concentration as the endosome cytochemical work; accordingly, they provide a host of advantages to examine the steady-state concentrations matures and is eventually turned into a lysosome (Kornfeld and Mellman, 1989). of secretory proteins in a professional secretory cell.
Klumperman and colleagues looked first at the conSorting Other Secretory Proteins But can these results be generalized to all secretory centration of amylase, the most abundant of the zymogens secreted by acinar cells. Careful and elegant analyproteins? The answer is probably not, as suggested by the secretion of the mating factor, ␣ factor, in the budsis showed clearly that it was not concentrated at ER exit sites. It had the same concentration in the ER, the ding yeast, S. cerevisiae (Kuehn et al., 1998). ␣ factor is incorporated into COPII vesicles and it COPII budding vesicles, and the COPII vesicles themselves. It was only when VTCs were reached that an associates, at least in detergent solution, with transmembrane components of COPII vesicles. This implies, increase in concentration of amylase was observed. Moreover, increased amylase concentrations were rebut does not prove that ␣ factor is concentrated at ER exit sites. That must await identification of the receptor stricted to regions of the VTCs not coated by COPI coats. The clear implication was that concentration did or quantitative immunocytochemical studies comparing the density of ␣ factor in COPII vesicles and the precurnot occur at ER exit sites but rather in VTCs, concomitant with selective removal of membrane by COPI coats. sor microsomal membranes. Nevertheless, the data are suggestive especially when taken together with experiThis result was not restricted to amylase. Chymotrypsinogen was also only concentrated in the VTCs. proteins, too many to permit receptor-mediated sorting. The zymogens, by comparison, are probably so abunHere the challenge is to understand the features that dant that there would be too many molecules in the permit exclusion from COPI-coated vesicles. It may well vesicle for receptor-mediated export: even if receptors be that these are not the discrete signals that we are did exist, the concentration of zymogens in the ER lumen used to dealing with but more colligative properties of would probably exceed their capacity. Bulk flow exit is, proteins that permit specific self-association. therefore, the only other option.
